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INTRODUCTION
Blunt popliteal arterial injury is usually associated
with high-energy trauma and accompanying knee dis-
location (KD). We recently treated a group of mor-
bidly obese patients who sustained popliteal vascular
injuries after spontaneous KD in the absence of exter-
nal trauma. We hypothesized that limb salvage in these
patients may be complicated by obesity-related med-
ical illness, technically challenging operative repair, and
poor rehabilitation potential. The presentation, man-
agement, and treatment outcome of popliteal artery
injuries accompanying spontaneous KD dislocation in
the morbidly obese patient was studied.
METHODS
We performed a retrospective review of all
admissions to our institution in a 10-year period for
KD associated with and without vascular injury.
Individuals who sustained spontaneous KD were
reviewed in depth. Spontaneous KD was defined as
joint injury occurring in the absence of external
forces. Patient demographics, body habitus, weight,
and associated comorbid medical problems were
recorded. Obesity was defined as weight more than
20% over ideal body weight (IBW).1 IBWs were
derived from previously published actuarial tables.1
Patients were considered morbidly obese if their
weight was more than 100 lb over IBW or if their
Body Mass Index (BMI) was more than 35.2 BMI
was defined as the weight in kilograms divided by
the square of the height in meters.1 Super obesity
was defined as weight more than 200 lb over IBW.2
Mechanisms of injury, presentation, severity of
injury, and method of repair/intervention were eval-
uated. The degree of ischemia was estimated using
the Suggested Reporting Standards set forth by the
Ad Hoc Committee of the Joint Vascular Societies.3
Details of operations were obtained from patient
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charts, operative reports, and anesthesia records.
Follow-up was established from clinic records, tele-
phone interviews, and, when possible, late physical
examination.
RESULTS
Patients. Fifty-two admissions for KD were
identified. Forty-five (86.5%) sustained KD as a
result of high-energy impact (motor vehicle colli-
sion, motor-pedestrian collision, or fall from a sub-
stantial height). Twenty-nine patients (55.8%) sus-
tained KDs associated with vascular injury. Of the 45
patients sustaining knee injury from external trauma,
the average age was 32.8 ± 15.5 years (range, 18–68
years), the average weight was 80.4 ± 12.6 kg
(range, 60.9–113 kg) with an average BMI of 26.4
± 6.3 (range, 17.9–43.8). These patients, whose
KDs were caused by high-energy impact, were
excluded from the study.
Seven (13%) patients (3 men, 4 women) sus-
tained spontaneous KDs. The average age was 34.1
± 6.7 years (range, 25–48 years). All these patients
were massively overweight (Table I). Four patients
were morbidly obese; 3 patients were considered
super obese. Average weight was 160.2 ± 68 kg
(range, 100–319 kg) with average BMI of 52.9.
There were no spontaneous KDs in patients who
were not obese. No patient had a prior history of
KD or dislocation of other joints.
Comorbid obesity-related medical illness was
found in all patients. Diabetes mellitus was present in
4 (57%); 3 required insulin therapy for glucose con-
trol. Diabetes was diagnosed for the first time in 3 of
these 4 patients during their hospitalization for limb
trauma. Two patients had diabetic ketoacidosis in the
postoperative period. The episodes of ketoacidosis
were the first manifestation of their diabetes mellitus.
Sleep apnea was diagnosed in 1 patient during his
convalescence. This patient eventually required treat-
ment with chronic nocturnal nasal continuous posi-
tive airway pressure. In the next 3 months, cor 
pulmonale secondary to pulmonary hypertension
developed in this patient. Pre-existing essential
hypertension was present in 3 (43%) patients. Lower
extremity deep venous thrombosis had been previ-
ously diagnosed and treated in 2 patients.
Presentation and injuries. All patients sus-
tained isolated injuries to the affected extremity. No
bilateral injuries occurred. Four (57%) KDs occurred
while the patient was moving from a sitting to a
standing position. The other 3 (43%) occurred
spontaneously while ambulating. Injuries are sum-
marized in Table II. Three (43%) were anterior dis-
locations, and 4 (57%) were posterior dislocations.
Associated fractures occurred in 2 patients: 1 tibial-
plateau fracture and 1 fibular avulsion fracture.
Nerve injuries occurred in most patients. Only 1
patient sustained an open dislocation. 
All patients had nonpalpable pedal pulses com-
pared with their uninjured extremity. Ankle-arm
indices were not routinely obtained. Only 1 patient
was hypotensive on arrival. He had sustained a spon-
taneous open KD with active hemorrhage. Vascular
injuries were diagnosed in all patients (Table II).
Three patients (43%) sustained combined arterial and
venous injuries. By published criteria,3 2 extremities
were considered viable; all others were considered
threatened.
Operative management. There were unique
problems in the operative treatment of these mas-
sively obese patients. The unforseen need to place
such a patient on an operating room bed that could
accommodate the increased body weight necessitat-
ed the use of operating room tables designed specif-
ically for obese subjects. Occasionally, 2 convention-
al tables had to be placed side-by-side to safely fit
such a patient. Safe airway and anesthesia delivery
mandated supine positioning. Therefore all injuries
were surgically treated through medial incisions.
The exposure required for repair was extensive. The
incisions required were much longer than the con-
ventional incision used to expose the popliteal neu-
rovascular bundle. Because of the tremendous
amount of subcutaneous adipose tissue and obliter-
ation of soft tissue planes by hematoma, incisions
were deep, and vascular isolation was time consum-
ing. Abdominal visceral retractors and large self-
retaining retractors traditionally used in spinal
surgery (Adson-Beckmann) or abdominal surgery
(Balfour) were required. Long instruments used in
abdominal vascular surgery were routinely used.
The average interval between injury and opera-
Table I. Patients
Age Height
Patient (years)/sex (cm) Weight (kg) IBW (kg) BMI
1 25/F 170 140 62 48.4
2 34/F 165 100 61 37
3 33/F 160 165.2 52 64.5
4 48/M 183 127 74 38
5 38/M 173 113 65 38
6 31/F 185 157.3 70 46
7 30/M 180 319 84 98.4
Mean 34.1 173.7 160.2 67 52.9
IBW, Ideal body weight; BMI, body mass index.
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tive intervention was 429 ± 236 minutes (range,
150–765 minutes). All patients had either preopera-
tive arteriography (n = 1) or intraoperative arteriog-
raphy (n = 6), based on the preferences of the oper-
ating surgeon. Systemic heparin anticoagulation was
used in all cases. Intra-arterial shunting was not
used. Interposition popliteal arterial grafts using the
greater saphenous vein were placed in 5 (71%)
patients. A popliteal to posterior tibial artery autolo-
gous bypass was constructed in 1 patient, and a
popliteal to tibial peroneal trunk autologous bypass
was constructed in a second patient. All venous
injuries were identified during operative exploration
and repaired (2 thrombectomy and primary repairs,
1 interposition vein graft). All patients had comple-
tion angiography to assess qualitative results. No pri-
mary amputations were performed.
Patients with less severe ischemia underwent ini-
tial orthopedic external fixation; this added stability
facilitated vascular exposure by maintaining the limb
in anatomic flexion. Six patients (86%) had orthope-
dic injuries that were treated with external fixation.
One patient had his knee stabilized with a supportive
brace after surgery. Four-compartment fasciotomies
were performed in 5 patients. Fasciotomies were not
performed in 2 patients who had minimal ischemia
on initial presentation and had no concomitant
venous injury. Mean operative time was 539 ± 134
minutes (range, 260–730 minutes). Average estimat-
ed blood loss was 2500 mL (range, 200–9000 mL);
6 patients required blood transfusions (mean, 5 units
packed red cells).
Outcome. Eight postoperative complications
occurred in 4 (57%) patients. In addition to diabet-
ic ketoacidosis (n = 2) and cor pulmonale (n = 1), 3
deep wound infections and 1 lower gastrointestinal
bleed occurred. Two early above-the-knee amputa-
tions were performed. Interval gangrene developed
in 1 patient, and the other had an insensate lower
extremity. Fasciotomies were performed on both
limbs during the initial operation, and widely patent
grafts were noted during amputation in both. Both
patients who underwent amputation experienced
severe intraoperative blood loss (4500 mL in one,
9000 mL in the other) and had received a large
amount of blood products. The average hospital stay
in the entire cohort was 20 ± 16 days (range, 10–59
days). Inpatient rehabilitation was required in 4 of 7
patients. The others were successfully treated using
aggressive outpatient physical therapy and outpa-
tient orthopedic follow-up. Graft patency was con-
firmed when a palpable pedal pulse was noted in the
revascularized limb. All grafts were patent upon late
follow-up examination at 19 ± 12 months (range,
6–42 months). Six patients (86%) were ambulatory
on follow-up examination; 3 were fully ambulatory
without the assistance of crutches or walkers. One
fully ambulatory patient required an Achilles’ ten-
don release secondary to a foot contracture in the
months after the injury. Three patients, including 1
patient who had an above-knee amputation, were
ambulatory with the assistance of a 4-point walker.
One patient sustained permanent foot drop and first
web-space numbness. He continues to require a
cane to assist in ambulation. One patient was wheel-
chair dependent after above-knee amputation. The
three super obese patients had successful limb sal-
vage, and all remained ambulatory.
DISCUSSION
Despite increasing public awareness of the health
problems associated with obesity, a significant num-
ber of Americans remain substantially overweight. It
is estimated that 33% of American adults are obese,
and one quarter of these adults are considered mor-
bidly obese.4,5 Coronary artery disease, cerebrovas-
cular disease, diabetes, hypertension, venous throm-
boembolism, pulmonary dysfunction, and accelerat-
ed joint disease are clearly linked with morbid
obesity.6 As a result of these significant health prob-
lems, such patients have higher perioperative mor-
bidity and reduced longevity.7,8 Adding to the litany
Table II. Injuries and outcome
Patient Artery Vein Nerve Orthopedic Limb loss
1 PA avulsion none tibial anterior KD no
2 PA avulsion thrombosis tibial, deep peroneal posterior KD yes
3 PA avulsion, PTA thrombosis none none anterior KD, proximal fibular fracture no
4 PA avulsion laceration deep peroneal open posterior KD no
5 PA and ATA avulsion none deep peroneal posterior KD, tibial plateau fracture no
6 PA avulsion, PTA and ATA thrombosis avulsion tibial anterior KD yes
7 PA avulsion none tibial, deep peroneal posterior KD no
PA, Popliteal artery; PTA, posterior tibial artery; ATA, anterior tibial artery; KD, knee dislocation.
of medical problems, traumatic popliteal artery
injuries associated with spontaneous dislocation of
the knee joint was identified in a group of morbidly
obese patients. Initially described in a case report in
the physical medicine literature, the entity has
received no further attention.9
Considerable force is required to produce blunt
popliteal artery trauma. To dislocate a healthy knee
joint, 650 to 800 psi is required.10 Consequently,
such injuries are usually the result of high-energy
trauma, such as that imparted in motor vehicle crash
or a fall from a great height. Therefore arterial injury
is often combined with bone, joint, soft tissue, and
remote torso trauma. We found that isolated
popliteal artery injuries occurred in our morbidly
obese patients without warning and with no external
trauma. All arterial injuries accompanied sponta-
neous dislocations of the knee joint. The propensity
for spontaneous injury is probably related to the
body mass in these patients. Considering that the
weights of our patients ranged from 100 to 319 kg
(220 to 702 lb), the load imposed on their knee
joints would be substantial. Morrison et al has shown
in kinetic studies that the joint reaction force on the
knee varies from 2 to 4 times body weight during
level walking.11 This clearly places substantial strain,
largely dependent on the weight of the patient, on
the joint. Seemingly trivial movement (level walking
or standing up) initiated the dislocations in our
cohort. Injuries were evenly distributed between
anterior and posterior KD. No obvious relationship
between the antecedent motion at the knee joint and
the type of KD was seen. We suspect that, in the
absence of external forces, all injuries resulted from
the extreme load of massive body weight placed on
the knee joint from shifting body mass.
Our patients were relatively young (mean age,
34 ± 6.7 years). One would expect that such youth
would be associated with fewer comorbid medical
conditions. This was not the case. Hypertension
requiring long-term antihypertensive medication,
diabetes, coronary artery disease, or chronic pul-
monary disease was evident before injury in many
patients. In addition, diabetes mellitus was diag-
nosed in 3 previously “healthy” subjects during
their hospitalization for arterial injury; diabetic
ketoacidosis actually developed in 2 patients during
the postoperative period. One super obese patient
(319 kg) was found during his convalescence to
have previously untreated severe sleep apnea. His
condition was so severe that he later had right heart
failure as a result of pulmonary hypertension.
Clearly, this cohort, although deceptively young,
may have significant health problems that simply
have not been diagnosed.
Vascular injury resulting from traumatic KDs
occurs in 4.8% to 40% of cases.12–15 Because popliteal
artery injuries frequently have been attributed to
high-energy trauma, it is tempting to expect less
severe injuries in our patients with spontaneous dis-
locations. Arterial injury occurred in 100% of our
obese patients with spontaneous KDs. Although
extrapopliteal injury and injury to the trunk and
head were not encountered in our patients, the mag-
nitude of damage to the knee and accompanying
structures was tremendous. The KDs were all com-
plete (anterior, posterior cruciate, and collateral lig-
amentous injury), requiring external fixation for
joint stabilization. Bony fractures occurred in 29% of
patients. Arterial injuries were most often complete
transection/avulsion injuries with thrombus extend-
ing into the tibial vessels. More than one third of our
patients had accompanying venous injuries with
thrombosis, requiring venous reconstruction. In
addition, nerve and soft tissue damage was consider-
able. Recent series reporting the characteristics of
blunt popliteal artery injuries show comparable local
injury severity.16–18 However, in these series, the
vast majority of injuries were the result of high-
velocity, high-energy impact with moving vehicles.
The small number of patients with complete KDs
after “low-energy” impact were all attributed to
contact sport injuries. Whether the source of injury
is a moving vehicle or shifting massive body weight,
it is clear that the force required to create a KD is
substantial. Suspicion for arterial injury in any KD,
even if it is apparently spontaneous, should remain
high, especially in morbidly obese patients.
Diagnosis of arterial injury in our patients was
not difficult. All patients had “hard” signs of limb
ischemia. The average time to presentation was 7
hours. Delays in seeking medical attention were fre-
quent. In 2 cases, significant prehospital delay was
incurred because of difficulties with emergency
transportation, particularly stretcher weight capacity,
additional emergency personnel required to trans-
port, and lack of suitable transportation. In fact, 1
patient was transported on a fire truck because his
size precluded ambulance transport. Once the
patients reached the trauma center, the diagnosis
was clear in all patients, and prompt intervention
was performed.
We were surprised by the magnitude of the oper-
ations required to address these isolated knee injuries.
The operative exposures required to allow access to
the popliteal neurovascular bundle were clearly com-
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Dr Stanley O. Snyder Jr Dr Valentine, Dr Seeger,
members, and guests.
Dr Hagino has given an excellent presentation and
identified a challenging subgroup of patients. Operative
technical difficulties and postoperative morbidities associ-
ated with this group are magnified. And the excellent
results obtained by Dr Hagino and his colleagues is a trib-
ute to their technical skills in postoperative management.
Graft patency was achieved in all 7 patients, despite
limb loss in 2. Interestingly, none of the scoring systems
predicted limb loss or salvage with complete accuracy.
My first question to Dr Hagino is whether his group
promised by the sheer mass of the lower limbs. This
was evident in the prolonged operative times, blood
loss, and transfusion requirements. Although the vas-
cular repair of the lesions were straightforward, mor-
bid obesity complicated repair of even the simplest of
these injuries. Incisions were longer and deeper, par-
ticularly in super obese patients. Retraction was diffi-
cult, and we often required the use of instruments tra-
ditionally included with abdominal vascular sets.
Intraoperative delays can be reduced by placing the
patient on specialized operating tables, routine use of
abdominal vascular sets, and the ordering of abdomi-
nal self-retaining retractors.
Considering the difficulty of repair and the mag-
nitude of injury, limb salvage was acceptable. Two of
7 limbs (28%) were amputated after successful revas-
cularization: 1 because of severe neurological deficit
and the other because of extensive gangrene of the
muscle compartments of the calf. These amputations
followed particularly long and bloody operations.
Intraoperative hemorrhage, transfusion require-
ments, and longer ischemic times may have con-
tributed to greater reperfusion injury and subse-
quent limb loss in these patients. 
Despite the 2 early amputations in patients with
patent grafts, the long-term graft patency was excel-
lent. Although late neuropathic pain and mild sen-
sory deficits were noted in several patients, the func-
tional results were acceptable. All patients with sal-
vaged extremities were ambulatory. The severity of
obesity did not seem to impact on successful out-
come; super obese patients did not suffer in func-
tional outcome. When they participate in aggressive
inpatient and outpatient rehabilitation, even super-
obese patients can achieve excellent functional
results. Therefore not only is limb salvage feasible in
super obese patients, but successful rehabilitation
can be anticipated.
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routinely uses or depends on mangled extremity scoring
system (MESS) to determine salvageability of a trauma
limb. A high index of suspicion is paramount in making an
expedient diagnosis of ischemia secondary to popliteal
occlusion. Paradoxically, the skin will sometimes be warm
when the underlying muscle is ischemic. Thus, delaying
the diagnosis, especially once the nurse or emergency
department physician has recorded “palpable pedal puls-
es,” often means that, in fact, the patient’s heart is beat-
ing. Six to 8 hours is often considered the upper limit of
ischemia time tolerated for acute arterial occlusion.
My second question relates to the average interval of
7 hours between injury and operative intervention, despite
the intraoperative arteriograms performed in 6 of 7
patients. Did these patients “fly over Portland” to get to
Portland? Or were there other correctable ideologies for
this delay in getting patients into the operating room? 
I agree with your operative management principles as
listed. Also, intra-arterial shunting sounds attractive, but
in practice is usually associated with extra blood loss and
increased technical difficulties. The use of orthopedic
external fixation devices has lessened the need for this
entity. However, the mean operative time of 8 hours, 59
minutes ± 2 hours, 14 minutes seems a bit excessive in
patients with a single extremity injury, especially in a
group of patients with a 7-hour ischemic interval before
getting to the operating room.
How much of this time was related to restoring arter-
ial and venous profusion vs. dealing with orthopedic and
wound coverage problems? And have you gained any tech-
nical or anatomic insights that might help us deal with this
problem if we see it?
I enjoyed your presentation very much, and I applaud
your tenacity and excellent results in achieving 5 of 7
ambulatory functional patients with intact limbs. However,
as a final question, I note that no mention was made of fol-
low-up or treatment for the patient’s original problem of
morbid obesity. Were any specific treatment plans institut-
ed to aid this problem, which has now been complicated by
a serious orthopedic injury?
I want to thank the society for the opportunity to
review this paper.
Dr Ryan T. Hagino Thank you, Dr Snyder. As for MESS
uses, we don’t routinely prospectively score mangled extrem-
ities at Parkland. We rely more on a multidisciplinary intra-
operative assessment by orthopedic surgeons, trauma sur-
geons, and vascular surgeons at the time to review our 
collective preoperative findings on our examinations. The
scoring system that predicted 3 or 4 limb losses and accu-
rately predicted only 1 limb loss was the MESS, the only
prospectively evaluated scoring system among those 4 scor-
ing systems. But these scoring systems were all designed for
patients who really received systemic traumatic injuries,
including head injuries, lung contusions, and intra-abdomi-
nal injuries. So I don’t know how valid these studies are in
scoring and predicting limb salvage in this patient population.
As to the time of acute ischemia to presentation, a lot has to
do with, I believe, system errors and preconceived prejudices
against morbidly obese patients. People come to the emer-
gency department complaining of a cold limb, and they often
times aren’t taken seriously. The length of operating room
time, in orthopedic times, added about 1 to 2 hours to those
particular times. Orthopedic fixation was usually performed
after vascular reconstruction, and the times are rather pro-
longed for the orthopedic placement of the external fixer,
mainly because of fluroscopic problems that they were having
actually imaging the bony structure of the legs in some of
these patients. As far as follow-up, all patients were referred
to nutritional specialists for counseling; I don’t know if any
were referred for morbid obesity surgery or other treatment.
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